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)$EVWUDFW  )RU K\EULGH[FLWHG GRXEO\ VDOLHQW V\QFKURQRXV
PDFKLQHERWKWKHILHOGH[FLWDWLRQFXUUHQWDQGWKHGD[LVFXUUHQW
FDQEHXWLOL]HGWRDGMXVW WKHIOX[OLQNDJHZKLFKSURYLGHVPRUH
IOH[LEOH FRQWURO SDUDPHWHUV IRU IOX[ZHDNHQLQJ RSHUDWLRQ ,Q
WKLVSDSHU WKUHH IOX[ZHDNHQLQJ FRQWURO PHWKRGV LH XWLOL]LQJ
ILHOG H[FLWDWLRQ FXUUHQW DORQH 0HWKRG, XWLOL]LQJ DUPDWXUH
FXUUHQW DORQH 0HWKRG,, DQG RSWLPDO PHWKRG 0HWKRG,,,
DUH SURSRVHG DQG FRPSDUHG $OO WKUHH PHWKRGV FDQ DFKLHYH
VLPLODU WRUTXH SHUIRUPDQFH LQ WKH FRQVWDQWWRUTXH UHJLRQ ,Q
WKH IOX[ZHDNHQLQJ UHJLRQ 0HWKRG, H[KLELWV ORZ WRUTXH DQG
OLPLWHG RSHUDWLQJ VSHHG UDQJH 7KH RSHUDWLQJ VSHHG UDQJH FDQ
EHIXUWKHUH[WHQGHGE\0HWKRG,,DQG0HWKRG,,,,QDGGLWLRQ
0HWKRG,,, FDQ SURYLGH D KLJKHU HIILFLHQF\ LQ IOX[ZHDNHQLQJ
UHJLRQWKDQ0HWKRG,,VLQFHWKHFRSSHUORVVRIILHOGZLQGLQJFDQ
EH GHFUHDVHG LQ SURSRUWLRQ WR WKH UHGXFWLRQ RI ILHOG H[FLWDWLRQ
FXUUHQW7KRVHIOX[ZHDNHQLQJFRQWUROPHWKRGVDUHYHULILHGE\
H[SHULPHQWDOUHVXOWV

,QGH[ 7HUPV²(IILFLHQF\ LPSURYHPHQW IOX[ZHDNHQLQJ
K\EULGH[FLWHGRSWLPDO
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(50$1(17 PDJQHW V\QFKURQRXV PDFKLQHV 3060V
KDYHEHHQZLGHO\HPSOR\HGLQPDQ\DSSOLFDWLRQVGXHWR
WKHLU DGYDQWDJHV LQFOXGLQJ KLJK WRUTXH GHQVLW\ ZLGH

1DWWDSRQJ3RWKLZDVZLWK WKH'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO
HQJLQHHULQJ7KH8QLYHUVLW\RI 6KHIILHOG 8. DQG LV QRZ ZLWK 6FKRRO RI
(QJLQHHULQJ 8QLYHUVLW\ RI 3KD\DR 3KD\DR 7KDLODQG HPDLO
QDWWDSRQJSR#XSDFWK
= 4 =KX DQG <XDQ 5HQ DUH ZLWK WKH 'HSDUWPHQW RI (OHFWURQLF DQG
(OHFWULFDO HQJLQHHULQJ 7KH 8QLYHUVLW\ RI 6KHIILHOG 8. HPDLO
]T]KX#VKHIILHOGDFXN\UHQ#VKHIILHOGDFXN
RSHUDWLQJ VSHHG UDQJH DQG KLJK HIILFLHQF\ )RU 3060V
KLJK VSHHG RSHUDWLRQ DERYH WKH EDVH VSHHG LV UHDOL]HG E\
XWLOL]LQJ IOX[ ZHDNHQLQJ FRQWURO WR VXSSUHVV WKH EDFN(0)
SURGXFHGE\SHUPDQHQWPDJQHWV30V+RZHYHUVLQFHRQO\
WKH30LVXVHGDVDQH[FLWDWLRQVRXUFHIRUVXFKPDFKLQHVWKH
YLDEOH FRQWURO IRU LPSURYLQJ HIILFLHQF\ LV OLPLWHG DV
LQWURGXFHG LQ >@ 7KH VHDUFKLQJ HIILFLHQF\ LPSURYHPHQW LV
SURSRVHGLQZKLFKWKHGD[LVFXUUHQWFDQEHDGMXVWHGWRWUDFN
WKH RSWLPDO HIILFLHQF\ >@ +RZHYHU WKH FXUUHQW RVFLOODWLRQ
FDQQRWEHDYRLGHGDQGDVORZG\QDPLFUHVSRQVHRFFXUVGXH
WRLQWHQVLYHFDOFXODWLRQ>@ 
+\EULGH[FLWHG GRXEO\ VDOLHQW V\QFKURQRXV PDFKLQH
+('660 DV VKRZQ LQ )LJ  ZKLFK FRQVLVWV RI WZR
H[FLWDWLRQ VRXUFHV LH SHUPDQHQW PDJQHWV 30V DQG ILHOG
ZLQGLQJV SURYLGH DQ H[WUD IOH[LELOLW\ WR DGMXVW WKH IOX[
OLQNDJH WKDQNV WR WKH H[LVWHQFH RI ILHOG H[FLWDWLRQ FXUUHQW
7KHUHIRUH KLJKHU WRUTXH DW ORZ VSHHG DQG ZLGHU RSHUDWLQJ
VSHHG UDQJH DV ZHOO DV KLJKHU HIILFLHQF\ RYHU ZLGHU
RSHUDWLRQ UHJLRQFDQ EHSURYLGHG >@>@ 0RUHRYHU GXH WR
WKHIDFWWKDWDOOWKH30VDQGZLQGLQJVLHILHOGDQGDUPDWXUH
ZLQGLQJV DUH ORFDWHG RQ WKH VWDWRU +('660V KDYH UREXVW
URWRUVWUXFWXUHDQGH[FHOOHQWFRROLQJFDSDELOLW\>@>@
$FFRUGLQJWRWKHRSHUDWLQJSULQFLSOHRIWKH+('660WKH
ILHOG H[FLWDWLRQ FXUUHQW LV WKH PDMRU H[FLWDWLRQ VRXUFH
FRPSDUHG ZLWK WKH 30V 7KHUHIRUH WKH PD[LPXP ILHOG
H[FLWDWLRQ FXUUHQW LV FRPPRQO\ HPSOR\HG WR DFKLHYH WKH
KLJKHVW WRUTXH >@ +RZHYHU LQ IOX[ZHDNHQLQJ RSHUDWLRQ
WKHGD[LVFXUUHQWLVUHTXLUHGWRRSSRVHWKHGLUHFWLRQRIILHOG
H[FLWDWLRQ IOX[ SURGXFHG E\ ILHOG H[FLWDWLRQ FXUUHQW $V D
UHVXOWWKHHIILFLHQF\LQWKLVUHJLRQZRXOGEHGHWHULRUDWHGGXH
WRWKHH[FHVVLYHFRSSHUORVVRIILHOGZLQGLQJ)RU+('660
WKHILHOGH[FLWDWLRQFXUUHQWFDQDOVREHXWLOL]HGWRZHDNHQWKH
IOX[OLQNDJH ,Q >@ D VSHFLILF YDOXH RI ILHOG H[FLWDWLRQ
FXUUHQW LV XWLOL]HG LQ IOX[ZHDNHQLQJ UHJLRQ +RZHYHU D
ODUJH WRUTXH GURS LV QRWLFHDEOH ZKHQ WKH PDFKLQH VSHHG
H[FHHGV LWV UDWHG VSHHG 7KH PHWKRGV EDVHG RQ ([WHQGHG
/DJUDQJHPXOWLSOLHUVRSWLPL]DWLRQKDYHEHHQ LQYHVWLJDWHG LQ
>@>@ZKHUH WKHRSWLPDOFXUUHQWV FDQ EHGHWHUPLQHGE\
WKHDQDO\WLFDOH[SUHVVLRQV+RZHYHUWKH\DUHVHQVLWLYHWRWKH
YDULDWLRQ RI WKH PDFKLQH SDUDPHWHUV DQG DUH GLIILFXOW WR
LPSOHPHQWGXH WRKLJKFRPSXWDWLRQDOEXUGHQ$QRWKHU IOX[
ZHDNHQLQJ FRQWURO PHWKRG RI WKH +('660 LV SUHVHQWHG LQ
>@ZKHUHWKHILHOGH[FLWDWLRQFXUUHQWDQGWKHGD[LVFXUUHQW
FDQ EH DXWRPDWLFDOO\ DGMXVWHG GHSHQGLQJ RQ WKH RSHUDWLRQ
UHJLRQV $OWKRXJK WKH LQIOXHQFH RI PDFKLQH SDUDPHWHU
YDULDWLRQ FDQ EH DYRLGHG WKH RSWLPL]DWLRQ RI ZHDNHQLQJ
FXUUHQWV LH ILHOG H[FLWDWLRQ DQGGD[LV FXUUHQWV UHODWLQJ WR
WKH HIILFLHQF\ LPSURYHPHQW LQ IOX[ZHDNHQLQJ UHJLRQ LV QRW
FRQVLGHUHG
6LQFH WKHUH DUH WZR FXUUHQWV LQ WKH +('660 ZKLFK FDQ
EH XWLOL]HG WR ZHDNHQ WKH IOX[OLQNDJH LH ILHOG H[FLWDWLRQ
FXUUHQW DQG GD[LV DUPDWXUH FXUUHQW WKUHH IOX[ZHDNHQLQJ
3
&RPSDULVRQRI)OX[ZHDNHQLQJ&RQWURO6WUDWHJLHVRI
1RYHO+\EULGH[FLWHG'RXEO\6DOLHQW6\QFKURQRXV
0DFKLQHV
13RWKL=4=KXDQG<5HQ
 
FRQWURO PHWKRGV DUH SURSRVHG DQG FRPSDUHG LQ WKLV SDSHU
 XWLOL]LQJ ILHOG H[FLWDWLRQ FXUUHQW RQO\ 0HWKRG, 
XWLOL]LQJ DUPDWXUH FXUUHQW RQO\ 0HWKRG,, DQG  RSWLPDO
PHWKRG ZKLFK XWLOL]HV ERWK WKH ILHOG H[FLWDWLRQ FXUUHQW DQG
DUPDWXUH FXUUHQW 0HWKRG,,, ,Q 0HWKRG, DQG 0HWKRG,,
WKH ZHDNHQLQJ FXUUHQWV LH ILHOG H[FLWDWLRQ DQG GD[LV
FXUUHQWVDUHPRGLILHGEDVHGRQ WKHYROWDJHHUURU UHJXODWLRQ
PHWKRG >@ ,Q 0HWKRG,,, WKH PD[LPXP HIILFLHQF\
FRQGLWLRQ LV DQDO\]HG EDVHG RQ WKH GLIIHUHQWLDWLRQ RI WKH
HIILFLHQF\ZLWKUHVSHFW WR WKHDPSOLWXGHRIDUPDWXUHFXUUHQW
LQRUGHUWRGHWHUPLQHWKHRSWLPDOILHOGH[FLWDWLRQFXUUHQW$OO
IOX[ZHDNHQLQJ FRQWURO PHWKRGV DUH YDOLGDWHG E\
H[SHULPHQWDOUHVXOWV 

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,Q WKLV VHFWLRQ WKH QRYHO IDXOWWROHUDQW SURWRW\SH K\EULG
H[FLWHG PDFKLQH DQG WKUHH IOX[ZHDNHQLQJFRQWURO PHWKRGV
ZKLFK DUH FODVVLILHG EDVHG RQ WKH XWLOL]DWLRQ RI ZHDNHQLQJ
FXUUHQWV LH XWLOL]LQJ ILHOG H[FLWDWLRQ FXUUHQW RQO\ XWLOL]LQJ
DUPDWXUH FXUUHQW RQO\ DQG RSWLPDO PHWKRG ZLOO EH
H[SODLQHG
 
$ )DXOWWROHUDQW +\EULGH[FLWHG 3HUPDQHQW 0DJQHW
0DFKLQH
)LJ  VKRZV WKH VLPSOLILHG VWUXFWXUH RI SURWRW\SH
+('660ZKLFKFRQVLVWVRIVWDWRUURWRUSROHV,QWKLV
WRSRORJ\ IRXU DUPDWXUH FRLOV LQ HDFK SKDVH $ % DQG &
DQGWZHOYHILHOGFRLOVDUHVHSDUDWHO\FRQQHFWHGLQVHULHVDQG
WKRVH FRLOV DUHZRXQGRQ HDFK RI WKH VWDWRU SROHV 7KH VORW
RSHQLQJVEHWZHHQWZRVWDWRUSROHVDUHUHSODFHGE\WKH30V
6LQFHWKHUHLVQRPDJQHWRUH[FLWDWLRQFRLOVRQWKHURWRUWKH
URWRU VWUXFWXUH LV VLPSOH 7KH SKDVH IOX[OLQNDJH DQG EDFN
HPI ZDYHIRUPV IRU D VSHFLILF ILHOG H[FLWDWLRQ FXUUHQW
REWDLQHG E\ ' ILQLWH HOHPHQW )( DQDO\VLV DUH VKRZQ LQ
)LJ6LQFHWKHSKDVHIOX[OLQNDJHLVJHQHUDWHGE\ERWK30
DQGILHOGH[FLWDWLRQFXUUHQWWKHSKDVHIOX[OLQNDJHDQGEDFN
HPIFDQEHHIILFLHQWO\DGMXVWHGE\FKDQJLQJWKHYDOXHRIILHOG
H[FLWDWLRQFXUUHQWDVVKRZQLQ)LJDDQGEUHVSHFWLYHO\
7KHQRYHOIHDWXUHRI WKLV+('660LV WKDWZKHQ WKHUH LVQR
ILHOG H[FLWDWLRQ FXUUHQW WKH 30 IOX[ ZLOO EH VKRUWFLUFXLWHG
YLD WKH VWDWRU WHHWK DQG WKH EDFN LURQ DQG WKXV WKH RSHQ
FLUFXLW YROWDJHRI WKHZLQGLQJV ZLOO EH ]HUR DQG WKHUH LV QR
RYHUYROWDJH ULVN XQGHUXQFRQWUROOHGJHQHUDWRU IDXOW DW KLJK
VSHHG RSHUDWLRQ 7KH RSHUDWLQJ SULQFLSOH DQG SDUDPHWHUV RI
WKHSURWRW\SHPDFKLQHKDYHEHHQSUHVHQWHGLQ>@
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)LJ)OX[OLQNDJHDQGEDFNHPIDGMXVWDEOHFDSDELOLW\
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30 IOX[
)LHOG ZLQGLQJ

D30IOX[  
([FLWDWLRQ IOX[ 
EILHOGH[FLWDWLRQIOX[ 

30 IOX[ ([FLWDWLRQ IOX[
)LHOG ZLQGLQJ

F1HWHQKDQFLQJIOX[OLQNDJH
)LJ)OX[OLQNDJHDGMXVWDELOLW\RIWKHSURWRW\SH+('660
 
)LJ  VKRZV WKH IOX[OLQNDJH DGMXVWDELOLW\ RI WKH
SURWRW\SH PDFKLQH 2Q RSHQ FLUFXLW    VHH )LJ D
WKH30IOX[LVLQKHUHQWO\VKRUWFLUFXLWHGYLDWKHVWDWRUEDFN
LURQZLWKRXW WKH IOX[ OLQNDJHZLWK WKH URWRU ,W LV QRWHG WKDW
XQGHU RSHQFLUFXLW FRQGLWLRQ DOPRVW DOO RI PDJQHW IOX[ LV
OHDNDJHIOX[DQGWKDWZLWKRXWWKHIOX[OLQNDJHZLWKWKHURWRU
WKHUHLVQRYDULDWLRQLQVWDWRUIOX[OLQNDJHDVWKHURWRUURWDWHV
UHVXOWLQJ LQ YHU\ ORZ RSHQFLUFXLW EDFNHPI UHJDUGOHVV RI
VSHHGDVVKRZQLQ)LJE,IRQO\SRVLWLYHILHOGH[FLWDWLRQ
FXUUHQW !  LV DSSOLHG ZLWKRXW WKH FRQVLGHUDWLRQ RI WKH
30DVVKRZQLQ)LJE WKHIOX[OLQNDJHFDQEHHQKDQFHG
ZKLFKLVLQWKHRSSRVLWHGLUHFWLRQRIWKHVKRUWFLUFXLWHG30
IOX[7KHUHIRUHE\FRQVLGHULQJERWKIOX[VRXUFHVLHWKH30
DQG ILHOG ZLQGLQJ D QHW HQKDQFHG IOX[OLQNDJH FDQ EH
REVHUYHG)LJF,WFDQEHVHHQIURP)LJWKDWZKHQWKH
ILHOG H[FLWDWLRQ FXUUHQW LV IXUWKHU LQFUHDVHG WKH 30 IOX[ LV
SXVKHGLQWRWKHDLUJDS

% 0DFKLQH0RGHO
7KHGD[LVDQGTD[LVYROWDJHVRIWKH+('660H[SUHVVHG
LQWKHV\QFKURQRXVUHIHUHQFHIUDPHDUHJLYHQE\DQG
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TT V T T SP G G PI IGLY 5 L / / L / LGW Z \      
6LQFH WKH IOX[OLQNDJHRI WKHGD[LV DQGTD[LV DUHJLYHQ
DV G SP G G PI I/ L / L\ \    DQG T T T/ L\   WKH
HOHFWURPDJQHWLFWRUTXH7HLQVWHDG\VWDWHFRQGLWLRQLVJLYHQE\
   H SP PI I T G T G T7 3 / L L / / L L\ª º   ¬ ¼  
ZKHUH3LVWKHQXPEHURISROHSDLUV
%DVHGRQWKHXQLW\VDOLHQF\RIWKHSURWRW\SHPDFKLQH>@
LQZKLFKWKHGD[LVDQGTD[LVLQGXFWDQFHVDUHDSSUR[LPDWHO\
HTXDOWKHWRUTXHHTXDWLRQFDQEHH[SUHVVHGE\
 H SP PI I T7 3 / L L\   
& )OX[ZHDNHQLQJ&RQWURO0HWKRG8WLOL]LQJ)LHOG
([FLWDWLRQ&XUUHQW0HWKRG,
)RU +('660 WKH IOX[OLQNDJH FDQ EH HIIHFWLYHO\
HQKDQFHGZHDNHQHG YLD ILHOG ZLQGLQJ 7KHUHIRUH LW LV
SRVVLEOH WR DGMXVW WKH ILHOG H[FLWDWLRQ FXUUHQW WR H[WHQG WKH
RSHUDWLQJ VSHHG UDQJH LQ IOX[ZHDNHQLQJ UHJLRQ 7KH IOX[
ZHDNHQLQJ FRQWURO VWUDWHJ\ XWLOL]LQJ ILHOG H[FLWDWLRQ FXUUHQW
0HWKRG, LV LOOXVWUDWHG LQ )LJ  7KH PD[LPXP ILHOG
H[FLWDWLRQ FXUUHQW LV LQLWLDOO\ HPSOR\HG WR HQKDQFH WKH
PD[LPXP WRUTXH LQ FRQVWDQWWRUTXH UHJLRQ DQG WKHQ LW LV
DGMXVWHG LQ IOX[ZHDNHQLQJ UHJLRQ E\ WKH PRGLILHG ILHOG
H[FLWDWLRQ FXUUHQW ¨I DV JLYHQ E\  ZKLFK FRQVLGHUV WKH
GLIIHUHQFHEHWZHHQLQSXWYROWDJHVDQGWKHRXWSXWYROWDJHVRI
WKHRYHUPRGXODWLRQEORFN>@ 
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ZKHUH D  LV WKH FRQVWDQW JDLQ FZ LV WKH EDQGZLGWK RI WKH
ORZSDVVILOWHU/3)VLVWKHLQWHJUDORSHUDWRUGHQRWHVWKH
UHIHUHQFHYDOXH IY LVWKHILHOGH[FLWDWLRQYROWDJH
$OO UHIHUHQFHFXUUHQWVDUHVKRZQLQ7DEOH , LQZKLFK WKH
PD[LPXPTD[LVFXUUHQWFDQEHPDLQWDLQHGDW WKHPD[LPXP
DUPDWXUHFXUUHQW,PLQWKHZKROHRSHUDWLQJVSHHGUDQJHGXH
WR]HURGD[LVFXUUHQW
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 0RGLILHG ILHOGH[FLWDWLRQFXUUHQW SDUW
(QFRGHU

)LJ)OX[ZHDNHQLQJFRQWUROVWUDWHJ\XWLOL]LQJILHOGH[FLWDWLRQFXUUHQW
0HWKRG,
7$%/(,
23(5$7,1*&21',7,216:,7+87,/,=,1*),(/'(;&,7$7,21&855(17
5HIHUHQFH
FXUUHQWV &RQVWDQWWRUTXHUHJLRQ )OX[ZHDNHQLQJUHJLRQ

GL   

TL   PLQ T PL , 

IL  PD[IL  PD[I IL ' 
,WVKRXOGEHQRWHGWKDWWKH+('660¶VWRUTXHHTXDWLRQLV
DIXQFWLRQRIERWK WKHILHOGH[FLWDWLRQIOX[/PILIDQG WKHT
D[LV FXUUHQW DV JLYHQ E\  ZKLFK LV GLIIHUHQW IURP WKH
FRQYHQWLRQDO PDFKLQH 7KHUHIRUH LQ 0HWKRG, WKH WRUTXH
JHQHUDWLRQ LQ WKHIOX[ZHDNHQLQJUHJLRQZRXOGEHJUDGXDOO\
GHFUHDVHGLQSURSRUWLRQWRWKHGHFUHDVLQJRI ILHOGH[FLWDWLRQ
FXUUHQW
' )OX[ZHDNHQLQJ&RQWURO0HWKRG8WLOL]LQJ$UPDWXUH
&XUUHQW0HWKRG,,
)LJVKRZVWKHIOX[ZHDNHQLQJFRQWURORI WKH+('660
EDVHGRQWKHXWLOL]DWLRQRIDUPDWXUHFXUUHQWDVPHQWLRQHG LQ
>@>@ZKLOH WKHILHOGH[FLWDWLRQFXUUHQW LVPDLQWDLQHGDW
LWV PD[LPXP YDOXH LQ WKH ZKROH RSHUDWLQJ VSHHG UDQJH LQ
RUGHUWRDFKLHYHWKHPD[LPXPHQKDQFHGWRUTXH+HQFHRQO\
WKH GD[LV DUPDWXUH FXUUHQW LV XWLOL]HG WR ZHDNHQ WKH IOX[
OLQNDJH ZKHQ WKH YROWDJH DQG FXUUHQW DUH EH\RQG WKH
SUHGHILQHGFRQVWUDLQWVDQGWKHTD[LVFXUUHQWUHIHUHQFHQHHGV
WR EH PRGLILHG DFFRUGLQJO\ $OO UHIHUHQFH FXUUHQWV DUH
H[SUHVVHGLQ7DEOH,,
0RGLILFDWLRQRIWKHGD[LVUHIHUHQFHFXUUHQW 
,W LV ZHOO NQRZQ WKDW IRU H[WHQGLQJ D VSHHG UDQJH XQGHU
WKH FXUUHQW DQG YROWDJH OLPLWV WKH GD[LV UHIHUHQFH FXUUHQW
QHHGV WR EH DGMXVWHG WR ZHDNHQ WKH IOX[OLQNDJH ,Q WKLV
PHWKRGWKHPRGLILHGGD[LVFXUUHQW¨GLVJLYHQE\>@
>@,WLVDOVREDVHGRQWKHYROWDJHHUURUUHJXODWLRQPHWKRG
ZKLFKKDVEHHQH[SODLQHGLQ
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   0RGLILHG G D[LV FXUUHQW SDUW
TL
(QFRGHU

)LJ)OX[ZHDNHQLQJFRQWUROVWUDWHJ\XWLOL]LQJDUPDWXUHFXUUHQW0HWKRG
,,
7$%/(,,
23(5$7,1*&21',7,216:,7+87,/,=,1*$50$785(&855(17
5()(5(1&(
&855(176 &RQVWDQWWRUTXHUHJLRQ )OX[ZHDNHQLQJUHJLRQ
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7KHUHIRUHWKHPRGLILHGGD[LVUHIHUHQFHFXUUHQWLVJLYHQDV
 
GP G GL L  '  
0RGLILFDWLRQRIWKHTD[LVUHIHUHQFHFXUUHQW
:KHQ WKH PDFKLQH RSHUDWHV XQGHU WKH LQILQLWH FRQVWDQW
SRZHUVSHHGUDWLRFKDUDFWHULVWLFZLWK/G,P!\SP>@>@LQZKLFKWKHTD[LVYROWDJHLVFRQWUROOHGWRZDUG]HURE\WKHG
D[LV FXUUHQW DQG KHQFH WKH KLJKHU VSHHG UDQJH FDQQRW EH
DFKLHYHG8QGHUWKLVFRQGLWLRQ WKHTD[LVFXUUHQWVKRXOGEH
PRGLILHGWRWUDFNWKHPD[LPXPWRUTXHSHUYROWDJH0739
WUDMHFWRU\ZKLFKPHDQVWKHGD[LVYROWDJHZLOOEHFRQWUROOHG
ZKLOH WKH TD[LV YROWDJH LV VWLOO PDLQWDLQHG DW ]HUR 7KH
PRGLILHGTD[LVFXUUHQW¨TLVJLYHQE\DVLQWURGXFHGLQ>@ 
  PLQ  LQYHUWHUL FT S T T ORVV V T
F
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Z
Z
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
ZKHUH LQYHUWHUT ORVVY  LVWKHHVWLPDWHGTD[LVYROWDJHORVVRILQYHUWHU
&RQVHTXHQWO\ WKH PRGLILHG TD[LV UHIHUHQFH FXUUHQW FDQ EH
JLYHQDV
    PLQ TP T P G TL L , L   '  7KHHVWLPDWHG YROWDJH ORVVRI LQYHUWHUKDV EHHQ DQDO\]HG
LQ >@ ,W LV GHWHUPLQHG E\XWLOL]LQJ WKH LGHDO FKDUDFWHULVWLF
RI VZLWFKLQJ SRZHU GHYLFHV SURYLGHG E\ WKH PDQXIDFWXUHUV
WKHGHDG WLPHDQG WKHPHDVXUHGGFOLQNYROWDJH7KH VWDWLF
JDLQRIYROWDJHORVV$SZKLFKLVGHILQHGLQOLWHUDWXUHDVWKH
LQWHUPHGLDWHSDUDPHWHULVJLYHQDV
  
 
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ZKHUH9GFLVWKHPHDVXUHGGFOLQNYROWDJH9FHDQG9GDUHWKH
YROWDJHVGURSRIVZLWFKLQJSRZHUGHYLFHVWGLVWKHGHDGWLPH
WRQDQG WRIIDUH WKHWRWDO WXUQRQDQG WXUQRII WUDQVLWLRQ WLPHV
9FHR DQG 9GR DUH WKH WKUHVKROG YROWDJHV RI VZLWFKLQJ SRZHU
GHYLFHV%DVHGRQWKH3DUN¶VWUDQVIRUPDWLRQWKHHVWLPDWHGT
D[LVYROWDJHORVVRILQYHUWHUFDQEHJLYHQE\

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 VLQ   VLQ 
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ZKHUH LDEF GHQRWH WKH SKDVH FXUUHQWV VLJQ LV WKH VLJQXP
IXQFWLRQWRGHILQHWKHFXUUHQWGLUHFWLRQDQGUFHDQGUGDUHWKH
UHVLVWDQFHVRIVZLWFKLQJSRZHUGHYLFHV
( 2SWLPDO)OX[ZHDNHQLQJ&RQWURO0HWKRG0HWKRG,,,
$VPHQWLRQHGDERYHWKHPD[LPXPILHOGH[FLWDWLRQFXUUHQW
LV XVHG IRU DOO RSHUDWLQJ UHJLRQV LQ 0HWKRG,, ZKLFK PLJKW
FDXVHDORZHIILFLHQF\LQWKHIOX[ZHDNHQLQJUHJLRQGXHWRD
UHGXQGDQW FRSSHU ORVVRI ILHOG ZLQGLQJ 7KHUHIRUH LQ RUGHU
WR DFKLHYH WKH KLJKHU HIILFLHQF\ RI WKH +('660 ERWK WKH
DUPDWXUH DQG ILHOG H[FLWDWLRQ FXUUHQWV ZLOO EH XWLOL]HG LQ
0HWKRG ,,, ZKHUH WKH UHIHUHQFH YDOXHV RI LG DQG LT DUH WKHVDPH DV 0HWKRG ,, ZKLOH WKH UHIHUHQFH YDOXH RI ILHOG
H[FLWDWLRQFXUUHQWLVGHWHUPLQHGEDVHGRQLGDQGLTWRDFKLHYHRSWLPDOHIILFLHQF\
7R VLPSOLI\ WKH FDOFXODWLRQ DQ DVVXPSWLRQ LV PDGH WR
DFKLHYH WKH RSWLPDO HIILFLHQF\ RQO\ WKH FRSSHU ORVV ZLOO
LQIOXHQFH WKH +('660¶V HIILFLHQF\ ZKLOH WKH FKDQJHV LQ
RWKHU ORVVHV VXFK DV LURQ ORVVHV PDJQHW ORVVHV DQG
PHFKDQLFDO ORVV FDQ EH QHJOHFWHG 7KHUHIRUH EDVHG RQ WKH
XWLOL]DWLRQ RI WKH PHFKDQLFDO RXWSXW SRZHU 3P DQG WKH
HOHFWULFDO LQSXW SRZHU 3H DFFRXQWLQJ IRU WKH SRZHU
FRQVXPSWLRQRIWKHILHOGZLQGLQJWKH+('660¶VHIILFLHQF\
FDQEHH[SUHVVHGE\
 
   
SP PI I TP
H V G V T I I SP PI I T
/ L L3
3 5 L 5 L 5 L / L L
\ ZK
\ Z
  § ·   ¨ ¸© ¹
 
,W VKRXOG EH QRWHG WKDW WKH IDFWRU RI  IRU WKH ILHOG
ZLQGLQJ FRSSHU ORVV LV D UHVXOW RI DEF WR GTD[LV
WUDQVIRUPDWLRQ7KHGD[LVDQGTD[LVFXUUHQWVDUHH[SUHVVHG
E\DPSOLWXGH,DQGDQJOHTLRIWKHDUPDWXUHFXUUHQWZLWKLQ
WKH FXUUHQW OLPLW LQ DOO RSHUDWLQJ UHJLRQV 7KH PD[LPXP
HIILFLHQF\ FRQGLWLRQ LV GHWHUPLQHG EDVHG RQ WKH
GLIIHUHQWLDWLRQRIWKHHIILFLHQF\ZLWKUHVSHFWWRWKHDPSOLWXGH
RIDUPDWXUHFXUUHQWDVIROORZV
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Kw  w ZKHUH
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
,WLVREYLRXVWKDWZKHQWKHFRSSHUORVVRIILHOGZLQGLQJDQG
WKHFRSSHUORVVRIDUPDWXUHZLQGLQJDUHHTXDOWKHPD[LPXP
HIILFLHQF\FDQEHDFKLHYHGDVH[SUHVVHGE\
 
 
I I V5 L 5 , 

$FFRUGLQJWRWKHRSWLPDOILHOGH[FLWDWLRQFXUUHQWFDQ
EH GHWHUPLQHG DV D IXQFWLRQ RI WKH ZLQGLQJ UHVLVWDQFH UDWLR
5V5IDQGWKHDUPDWXUHFXUUHQW%RWKWKHDUPDWXUHZLQGLQJ
DQG ILHOG ZLQGLQJ RI WKH SURWRW\SH PDFKLQH DUH ORFDWHG RQ
WKH VDPH SODFH RI WKH VWDWRU WKH WHPSHUDWXUH ULVHV RI WZR
ZLQGLQJVDUHDVVXPHGWREHLGHQWLFDO)XUWKHUPRUHWKHVDPH
W\SHRIFRLOV LV XVHG IRUERWK WKH DUPDWXUHZLQGLQJDQG WKH
ILHOG ZLQGLQJ RI WKH SURWRW\SH PDFKLQH 7KHUHIRUH WKH
ZLQGLQJ UHVLVWDQFHV FDQ EH HDVLO\ UHSODFHG E\ WKHLU WXUQ
QXPEHUV6LQFHWKHWXUQUDWLRRIWKHSURWRW\SHPDFKLQHLV
1V 1I ZKHUH1VDQG1IDUHWKHWXUQVQXPEHURI
DUPDWXUHZLQGLQJDQGILHOGZLQGLQJUHVSHFWLYHO\WKHRSWLPDO
ILHOG H[FLWDWLRQ FXUUHQW ZLWK UHVSHFW WR WKH PD[LPXP
HIILFLHQF\FRQGLWLRQFDQEHREWDLQHGE\
 


 
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I
L L1 ,L ,1
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
7KHGLDJUDPRI WKH0HWKRG,,, LVVKRZQ LQ)LJ ,W FDQ
EHVHHQIURP)LJWKDWWKHRSWLPDOILHOGH[FLWDWLRQUHIHUHQFH
FXUUHQW LV HPSOR\HG DV VKRZQ LQ  WR DFKLHYH PD[LPXP
HIILFLHQF\ IRU WKH +('660 ,Q WKH IOX[ZHDNHQLQJ UHJLRQ
ERWK WKH ILHOGH[FLWDWLRQ DQG WKHGD[LV FXUUHQWV DUHXWLOL]HG
WRZHDNHQWKHIOX[OLQNDJH0HDQZKLOHWKHTD[LVFXUUHQW LV
FRQWUROOHG ZLWK UHJDUG WR WKH UHTXLUHPHQW RI WKH VSHHG DQG
ORDGWRUTXH,WVKRXOGEHQRWHGWKDWWKHPRGLILFDWLRQRIERWK
GD[LVDQGTD[LVFXUUHQWVDUHEDVHGRQWKHVDPHSULQFLSOHRI
0HWKRG,, ZKLOH WKH UHTXLUHPHQWV RI WKH GD[LV DQG TD[LV
FXUUHQWVDUHUHGXFHGFRPSDUHGZLWKWKH0HWKRG,,6LQFHWKH
FDOFXODWLRQ RI RSWLPDO ILHOG H[FLWDWLRQ FXUUHQW UHTXLUHV RQO\
WKH GD[LV DQG TD[LV FXUUHQWV 0HWKRG,,, LV HDV\ WR
LPSOHPHQW DQG UREXVW WR WKH PDFKLQH SDUDPHWHU YDULDWLRQ
7KHFXUUHQWUHIHUHQFHVRIWKHRSWLPDOIOX[ZHDNHQLQJFRQWURO
PHWKRGDUHJLYHQLQ7DEOH,,,

7$%/(,,,
23(5$7,1*&21',7,2162)87,/,=,1*237,0$/0(7+2'
5()(5(1&(
&855(176 &RQVWDQWWRUTXHUHJLRQ )OX[ZHDNHQLQJUHJLRQ
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(QFRGHU

)LJ2SWLPDOIOX[ZHDNHQLQJFRQWUROVWUDWHJ\0HWKRG,,,
,,,(;3(5,0(17$/9(5,),&$7,212))/8;:($.(1,1*
&21752/675$7(*,(6
$ ([SHULPHQWDO6HWXS
7KHILHOGRULHQWDWLRQFRQWURODOJRULWKPLVLPSOHPHQWHGRQ
DG63$&(SODWIRUPLQRUGHUWRYHULI\WKHSHUIRUPDQFHRIWKH
SURSRVHG PHWKRGV H[SHULPHQWDOO\ $  N: ZRXQG ILHOG
W\SH'&PDFKLQHZLWKWKHUDWHGVSHHGUSPLVXWLOL]HG
WRDGMXVWWKHORDGWRUTXHZLWKDQH[WHUQDOUHVLVWDQFHORDGWR
GLVVLSDWHWKHJHQHUDWHGSRZHU7KHWHVWULJLVVKRZQLQ)LJ
,QRUGHUWRLQFUHDVHWKHXWLOL]DWLRQRIGFOLQNYROWDJHLQIOX[
ZHDNHQLQJ UHJLRQ >@ WKH PLQLPXP PDJQLWXGH HUURU RYHU
PRGXODWLRQ 00(20 LV DSSOLHG ,W LV EDVHG RQ WKH
693:0VZLWFKLQJWHFKQLTXHRSHUDWLQJZLWKWKHWKUHHSKDVH
YROWDJH VRXUFH LQYHUWHU 7KH ILHOG H[FLWDWLRQ FXUUHQW LV
UHJXODWHG E\ WKH VWHSGRZQ EXFNW\SH '&'& FRQYHUWHU
2WKHUVHWXSSDUDPHWHUVDUHGHILQHGLQ7DEOH,9
7KUHH W\SHV RI FRQWURO PHWKRGV DUH LPSOHPHQWHG DQG
FRPSDUHG
 )OX[ZHDNHQLQJ FRQWURO PHWKRG XWLOL]LQJ ILHOG
H[FLWDWLRQFXUUHQW0HWKRG,
 )OX[ZHDNHQLQJ FRQWURO PHWKRG XWLOL]LQJ DUPDWXUH
FXUUHQW0HWKRG,,
 2SWLPL]DWLRQ 0HWKRG )OX[ZHDNHQLQJ FRQWURO
PHWKRG XWLOL]LQJ ERWK ILHOG H[FLWDWLRQ FXUUHQW DQG DUPDWXUH
FXUUHQW0HWKRG,,,
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$
0D[LPXPILHOGH[FLWDWLRQFXUUHQW $
'&OLQNYROWDJH 9
'&VXSSO\YROWDJHRIWKHFRQYHUWHU 9
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0D[LPXPPRWRUWHVWVSHHG USP
3HUPDQHQWPDJQHWIOX[\SP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P:E
5DWHGWRUTXH 1P
$UPDWXUHZLQGLQJUHVLVWDQFH5V 
)LHOGZLQGLQJUHVLVWDQFH5I 
GD[LVDQGTD[LVLQGXFWDQFHV/G/T P+
6HOILQGXFWDQFHRIILHOGZLQGLQJ/I P+
1XPEHURISROHSDLUV3 
1XPEHURIWXUQVSHUSKDVHRIDUPDWXUHZLQGLQJ1V 
1XPEHURIWXUQVRIILHOGZLQGLQJ1I 
6WDWRURXWHUGLDPHWHU PP
$[LDOOHQJWK PP
6SOLWUDWLRRIVWDWRULQQHUWRRXWHUGLDPHWHU 
$LUJDSOHQJWK  PP
6WDWRUEDFNLURQWKLFNQHVV PP

% ([SHULPHQWDO5HVXOWV
)LJ  VKRZV WKH PHDVXUHG UHVXOWV RI DOO IOX[ZHDNHQLQJ
FRQWUROPHWKRGV IURP WR  USP7KHPHDVXUHG WRUTXH
DQGRXWSXWSRZHUDJDLQVWVSHHGDUHVKRZQLQ)LJVDDQG
E UHVSHFWLYHO\ ,W LV REYLRXV WKDW DOO FRQWURO PHWKRGV FDQ
DFKLHYH WKH VDPH WRUTXH DQG RXWSXW SRZHU LQ WKH FRQVWDQW
WRUTXH UHJLRQ GXH WR WKH VDPH HQKDQFHG ILHOG H[FLWDWLRQ
FXUUHQWV DV FDQ EH VHHQ LQ )LJ F ,Q WKH IOX[ZHDNHQLQJ
UHJLRQ WKH WRUTXH DQG RXWSXW SRZHU RI 0HWKRG, LV
VLJQLILFDQWO\ GHWHULRUDWHG DQG WKH RSHUDWLQJ VSHHG UDQJH LV
DOVROLPLWHGDVRQO\WKHILHOGH[FLWDWLRQFXUUHQWLVXWLOL]HGIRU
IOX[ZHDNHQLQJ FRQWURO 0HDQZKLOH LQ 0HWKRG,, DQG
0HWKRG,,, DOWKRXJK WKH TD[LV FXUUHQWV DUH UHGXFHG
FRPSDUHG WR 0HWKRG, KLJKHU WRUTXH DQG SRZHU FDQ EH
REWDLQHG LQ 0HWKRG,, DQG 0HWKRG,,, VLQFH PXFK KLJKHU
YDOXH RI ILHOG H[FLWDWLRQ FXUUHQW FDQ EH HPSOR\HG ,W LV
REYLRXV IURP)LJV FG WKDW0HWKRG,,XWLOL]HV RQO\ WKH
GD[LV FXUUHQW WR ZHDNHQ WKH IOX[OLQNDJH DQG WKH ILHOG
H[FLWDWLRQFXUUHQWPDLQWDLQVDWLWVPD[LPXPYDOXH$LQ
DOO RSHUDWLQJ UHJLRQV 0HWKRG,,, XWLOL]HV ERWK ILHOG
H[FLWDWLRQ DQG GD[LV FXUUHQWV WR ZHDNHQ WKH IOX[OLQNDJH
)LJV FG &RPSDUHG WR 0HWKRG,, WKH UHTXLUHPHQW RI
WKHGD[LVFXUUHQWLVGHFUHDVHGLQ0HWKRG,,,&RQVHTXHQWO\
KLJKHUTD[LV FXUUHQWFDQEHXWLOL]HG XQGHU WKH FXUUHQWOLPLW
DVVKRZQLQ)LJG
)LJ  VKRZV WKH PHDVXUHG FRSSHU ORVV DQG HIILFLHQF\ RI
DOO IOX[ZHDNHQLQJ FRQWURO PHWKRGV IURP  WR  USP
0HWKRG,H[KLELWVWKHORZHVWFRSSHUORVVRIILHOGZLQGLQJDV
VKRZQ LQ )LJ D ,Q 0HWKRG,, WKH ILHOG ZLQGLQJ FRSSHU
ORVVLVNHSWDW:WKURXJKRXWWKHRSHUDWLQJUHJLRQVZKLOH
LW FDQ EH JUHDWO\ UHGXFHG LQ WKH IOX[ZHDNHQLQJ UHJLRQ IRU
0HWKRG,,,DVD UHVXOWRI WKHRSWLPDO ILHOGH[FLWDWLRQDQGG
D[LV DUPDWXUH FXUUHQWV DV LOOXVWUDWHG LQ )LJ F /LNHZLVH
WKH DUPDWXUH ZLQGLQJ FRSSHU ORVV RI DOO IOX[ZHDNHQLQJ
FRQWUROPHWKRGVDUHVKRZQLQ)LJE7KHVHDUHFDOFXODWHG
EDVHG RQ WKH HPSOR\PHQW RI GD[LV DQG TD[LV FXUUHQWV DV
VKRZQLQ)LJG$VDUHVXOWWKHWRWDOFRSSHUORVVHVIRUDOO
RSHUDWLQJUHJLRQVZKLFKFRQVLVWRIWKHILHOGZLQGLQJDQGWKH
DUPDWXUHZLQGLQJFRSSHUORVVHVDUHGHSLFWHGLQ)LJF,WLV
FOHDUWKDWDOWKRXJKWKHWRWDOFRSSHUORVVHVRI0HWKRG,FDQEH
UHPDUNDEO\ UHGXFHG LQ WKH IOX[ZHDNHQLQJ UHJLRQ WKDQ
0HWKRG,, DQG 0HWKRG,,, WKH RSHUDWLQJ VSHHG UDQJH LV
OLPLWHG7KHSRZHUIDFWRUVIRUDOOPHWKRGVDUHVKRZQLQ)LJ
GZKLFKDUHFDOFXODWHGEDVHGRQWKHPHDVXUHGYROWDJHVDQG
FXUUHQWV,WFDQEHVHHQIURP)LJG WKDW WKHSRZHUIDFWRU
IRU DOO PHWKRGV DUH UHODWLYHO\ ORZ HVSHFLDOO\ LQ WKH IOX[
ZHDNHQLQJ UHJLRQ GXH WR WKH KLJK PDFKLQH VSHHG DQG
PRGLILHG DUPDWXUH FXUUHQWV %DVHG RQ WKH XWLOL]DWLRQ RI WKH
RSWLPDO ILHOG H[FLWDWLRQ DQG GD[LV DUPDWXUH FXUUHQWV
0HWKRG,,, FDQ REWDLQ ZLGHU VSHHG UHJLRQ FRPSDUHG WR
0HWKRG, DQG DFKLHYH KLJKHU HIILFLHQF\ LQ IOX[ZHDNHQLQJ
UHJLRQFRPSDUHGWR0HWKRG,,DVVKRZQLQ)LJH
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&RSSHUORVVHVSRZHUIDFWRUDQGHIILFLHQF\DJDLQVWVSHHGD)LHOG
ZLQGLQJ FRSSHU ORVV E $UPDWXUH ZLQGLQJ FRSSHU ORVV F 7RWDO FRSSHU
ORVVG3RZHUIDFWRUH(IILFLHQF\

)LJVKRZVWKHG\QDPLFUHVSRQVHRI0HWKRG,,,$XQLW
VWHSIURP WR USP LV VHWDW WKH LQVWDQWRI VHFRQG
)LJ D $IWHU DURXQG  VHFRQGV WKH VSHHG FDQ WUDFN
ZLWKLWVUHIHUHQFH7KHG\QDPLFUHVSRQVHRIWKHRSWLPDOILHOG
H[FLWDWLRQ FXUUHQW WKHGD[LV FXUUHQW DQG WKHTD[LV FXUUHQW
DUH VKRZQ LQ)LJE ,W LVREYLRXV WKDW WKHRSWLPDO ILHOG
H[FLWDWLRQ FXUUHQW LV FDOFXODWHG DV WKH VDPH YDOXH DV WKH
PD[LPXP ILHOG H[LWDWLRQ FXUUHQW LQ WKH FRQVWDQWWRUTXH
UHJLRQ FRUUHVSRQGLQJ WR WKH UHVXOWV XQGHU VWHDG\VWDWH
FRQGLWLRQ )LJ F DQG LW LV JUDGXDOO\ PRGLILHG IROORZLQJ
WKH GD[LV DQG TD[LV FXUUHQWV LQ IOX[ZHDNHQLQJ UHJLRQ ,Q
)LJF WKH WUDFNLQJ HUURU PLQLPL]DWLRQRI FRSSHU ORVVHV
LQ ERWK ILHOG DQG DUPDWXUH ZLQGLQJV FDQ EH DFKLHYHG 7KH
FRSSHU ORVVHV LQ WZR ZLQGLQJV DUH VLPLODU LQ DOO RSHUDWLQJ
UHJLRQV ZKLFK LV FRQVLVWHQW WR WKH SULQFLSOH RI 0HWKRG,,,
7KH WRWDO FRSSHU ORVV LQ 0HWKRG,,, FDQ EH FRQVLGHUDEO\
UHGXFHG LQWKH IOX[ZHDNHQLQJ UHJLRQFRPSDUHG WR0HWKRG
,,DVVKRZQLQ)LJG1RWHWKDWVLQFH0HWKRG,H[KLELWV
ORZWRUTXHLQIOX[ZHDNHQLQJUHJLRQDQGWKHRSHUDWLQJVSHHG
UDQJH LV YLVLEO\ FRQVWUDLQHG LW ZLOO QRW EH UHSRUWHG LQ WKH
G\QDPLFUHVSRQVH
,W DOVR VKRXOG EH QRWHG WKDW WKH IOX[OLQNDJH RI WKH
+(66'0 FDQ EH DGMXVWHG E\ ILHOG FXUUHQW RQO\ GD[LV
DUPDWXUHFXUUHQWRQO\RUERWKRIWKHILHOGFXUUHQWDQGGD[LV
DUPDWXUH FXUUHQW +HQFH WKH PD[LPXP DFKLHYDEOH FRQVWDQW
SRZHUVSHHGUDQJH&365RI WKUHHPHWKRGVGHSHQGRQ WKH
HPSOR\HG ZHDNHQLQJ FXUUHQW OLPLW )RU H[DPSOH WKH
PD[LPXPVSHHG UDQJHRI 0HWKRG, LV DURXQG USP DV
VKRZQ LQ )LJE ZKHUH WKH ILHOG H[FLWDWLRQ FXUUHQW LV
FRQWUROOHGWR]HUR,WVKRXOGEHQRWHGWKDWIRU0HWKRG,,DQG
,,, WKH PD[LPXP DFKLHYDEOH &365 DUH QRW VKRZQ LQ WKH
SDSHUEXWWKHVSHHGUDQJHFDQEHH[WHQGHGXQWLOHLWKHUILHOG
FXUUHQWRUGD[LVDUPDWXUHFXUUHQWUHDFKHV]HUR
$PRQJWKHVHWKUHHPHWKRGV0HWKRG,,,FRXOGSURYLGHWKH
PRVWH[WHQGHGVSHHGUDQJHVLQFHWKLVPHWKRGXWLOL]HVERWKRI
ILHOG FXUUHQW DQG DUPDWXUH FXUUHQW WR ZHDNHQ WKH IOX[
OLQNDJH 
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)LJ'\QDPLFUHVSRQVHVRIWKH0HWKRG,,,D6SHHGEGD[LVFXUUHQW
TD[LV FXUUHQW DQG RSWLPDO ILHOG H[FLWDWLRQ FXUUHQW F 7UDFNLQJ HUURU
PLQLPL]DWLRQRIFRSSHUORVVG&RSSHUORVVHV

,WVKRXOGEHHPSKDVL]HGWKDWVLQFHWKHSURWRW\SHPDFKLQH
LVDORZSRZHUPDFKLQHDQGWKHSRZHUFRQVXPSWLRQRIILHOG
ZLQGLQJLVFRQVLGHUHGWKHHIILFLHQF\LVORZDVVKRZQLQ)LJ
 0RUHRYHU D ORZ '&OLQN YROWDJH LV DSSOLHG LQ RUGHU WR
OLPLWWKHWHVWLQJVSHHGUDQJHZKLFKLVFRQVWUDLQHGE\WKHWHVW
ULJ 1HYHUWKHOHVV 0HWKRG,,, KDV DOUHDG\ GHPRQVWUDWHG LWV
HIIHFWLYHQHVVLQWHUPVRIH[WHQGLQJWKHRSHUDWLQJVSHHGUDQJH
DQGHIILFLHQF\LPSURYHPHQWLQIOX[ZHDNHQLQJUHJLRQ
,9&21&/86,21
7KUHH SUDFWLFDO IOX[ZHDNHQLQJ FRQWURO VWUDWHJLHV IRU WKH
+('660VKDYHEHHQSUHVHQWHGLQWKLVSDSHU7KRVHPHWKRGV
FDQ EH FDWHJRUL]HG EDVHG RQ WKH XWLOL]DWLRQ RI ZHDNHQLQJ
FXUUHQWV  8WLOL]LQJ ILHOG H[FLWDWLRQ FXUUHQW RQO\ 
8WLOL]LQJ DUPDWXUH FXUUHQW RQO\  2SWLPL]DWLRQ PHWKRG
ZKLFKXWLOL]HVERWKWKHILHOGH[FLWDWLRQFXUUHQWDQGDUPDWXUH
FXUUHQW%DVHGRQ WKHH[SHULPHQWDO UHVXOWV WKHRSWLPL]DWLRQ
PHWKRG H[KLELWV D ZLGHU RSHUDWLQJ VSHHG UDQJH WKDQ WKH
PHWKRG XWLOL]LQJ ILHOG H[FLWDWLRQ FXUUHQW DORQH DQG KLJKHU
HIILFLHQF\ LQ IOX[ZHDNHQLQJ UHJLRQ WKDQ WKH PHWKRG,,
XWLOL]LQJ DUPDWXUH FXUUHQW RQO\ )XUWKHUPRUH WKH
RSWLPL]DWLRQPHWKRG LVHDV\ WR LPSOHPHQWDQG UREXVW WR WKH
YDULDWLRQRIPDFKLQHSDUDPHWHUV ,W FDQEHHDVLO\ DSSOLHG WR
RWKHUK\EULGH[FLWHGPDFKLQHVDVZHOO
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